Long term follow-up after multiple hippocampal transection (MHT)  by Patil, Arun Angelo & Andrews, Richard
Seizure 22 (2013) 731–734Long term follow-up after multiple hippocampal transection (MHT)§
Arun Angelo Patil a,*, Richard Andrews b
aUniversity of Nebraska Medical Center, Division of Neurosurgery, 982035 Nebraska Medical Center, Omaha, NE 68198-2035, USA
bRa Neurology, 11930 Arbor Street, Omaha, NE 68144, USA
A R T I C L E I N F O
Article history:
Received 11 March 2013
Received in revised form 17 May 2013
Accepted 22 May 2013
Keywords:
Multiple hippocampal transection
Temporal lobe epilepsy
Long term outcome
A B S T R A C T
Purpose: Multiple hippocampal transection (MHT) is a new surgical procedure which disrupts seizure
propagation within the hippocampus without impairing verbal memory or the loss of stem cells. Since
there are very few papers on this procedure, the authors are presenting their long term results to increase
the database on this procedure.
Method: Long term outcome in 15 consecutive patients who had MHT for unlilateral temporal lobe
epilepsy, had intra-operative electro-corticography (ECoG) and have a minimum follow-up of at least 2
years is presented. The male/female ratio is 2/1; follow-up is 24–60 months (median of 41 months); and
ages between 25 and 60 years. All patients had multiple subpial transection (MST) on the neocortex and
MHT on the hippocampus. Amygdalectomy was done if seizure focus was present in the amygdala (10
patients). Temporal tip (1.5–2.5 cm in length) was resected (11 patients) when it was resistant to MST,
based on intraoperative EEG recordings.
Results: There was no permanent neurological complication. Fourteen patients (94.7%) are seizure free
(Engel’s Class I) and 1 (5.3%) has rare seizures (Class II). Neuropsychological studies showed that verbal
memory was preserved.
Conclusion: The results show that the seizure outcome with MHT is equal or better than those reported
with standard temporal lobectomy. Furthermore verbal memory is preserved. The study also shows that
intraoperative ECoG is important in order to conclude adequacy of the procedure. Based on the result of
this study the authors feel that this procedure needs to be persued as an alternate to hippocampectomy.
 2013 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at SciVerse ScienceDirect
Seizure
jou r nal h o mep age: w ww.els evier . co m/lo c ate /ys eiz1. Introduction
The conventional surgical proccedure to treat intractable
temporal lobe epilepsy (TLE) involves resection of the anterior
3.5–5 cm of the temporal lobe, the parahippocampal gyrus, the
amygdala, the hippocampus and the ﬁmbria. This procedure is
standard in most centers because the results from this procedure
are fairly good.1 In this procedure, resection of the hippocampus is
done because it is involved in the generation and propagation of
seizures; and there is close association between temporal lobe
sclerosis and temporal lobe epilepsy. However, resection of the
hippocampus is undesirable because it is an important part of the
limbic system, it has important connections with the entorhinal
cortex,2 it is the site for new memory formation, it is involved in
auditory and visual organization, and it is also involved in memory§ Contents of this paper were presented as Podium presentation, Congress of
Neurological Surgery, Annual Meeting, Chicago October 8, 2012.
* Corresponding author. Tel.: +1 402 559 9605; fax: +1 402 559 7779.
E-mail addresses: apatil@unmc.edu, kdevney@unmc.edu (A.A. Patil),
rneuro@aol.com (R. Andrews).
1059-1311/$ – see front matter  2013 British Epilepsy Association. Published by Else
http://dx.doi.org/10.1016/j.seizure.2013.05.014retrieval.3,4 Some of the complications of standard temporal
lobectomy include: impairment of social cognition, drop in verbal
memory, drop in general intelligence, emotional and vocational
disturbances, psychosis, character disorder, depression and
linguistic difﬁculties.5–14 Although the Wada test is routinely
used to determine which side is dominant for memory, Wada
asymmetry (using mixed stimuli) does not predict postoperative
verbal memory.7 Furthermore, there is a higher risk of memory
problem in those with minimal or no sclerosis, or dominant
hemisphere involvement.9,10
An alternative procedure called, multiple hippocampal transec-
tions (MHT),15–17 therefore, needs to be considered. In this
procedure the longitudinal ﬁbers responsible for seizure propaga-
tion are disrupted by making multiple transverse cuts along the
length of the hippocampus; while the vertical ﬁbers are left intact.
This procedure can therefore preserve hippocampal functions and
the stem cells while disrupting seizure propagation. In this paper
the authors present long term outcome in patients who were
treated for unilateral temporal lobe epilepsy with MHT and had
intraoperative elctrocorticography (ECoG) during the operation.
The paper is being presented because there are very little in the
literature on this procedure.vier Ltd. All rights reserved.
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The report is on 15 consecutive patients who had unilateral
temporal lobe epilepsy, had multiple subpial transections (MST)
and MHT, had intra-operative ECoG and have a minimum follow-
up of at least 2 years. The male/female ratio is 2/1; follow-up is 24–
60 months (median of 41 months); and ages between 25 and 60
years.
Five patients had prior VNS implants, 6 had hippocampal
sclerosis, 11 had left sided (dominant side) seizure origin, 4 had
right sided (non-dominant) seizure origin, 6 had more than one
seizures a day and 9 had 1–3 seizures/week.
Routine pre-operative evaluation included: prolonged video-
EEG monitoring using scalp electrodes, MR scans, PET scans,
neuropsychological evaluation, Wada test, and prolonged video-
EEG recording with subdural and depth electrodes. Depth
electrodes were placed in the amygdala and hippocampus.
Operative procedure was done under general anesthesia.
Patients were off anti-epileptic drugs (AED) for 2 days prior to
surgery. Anesthesia was induced with methohexitol and seizure
suppressing drugs (e.g. benzodiazepam, propafol) were not used.
First the temporal horn was opened through the middle temporal
gyrus using the Brain Lab Neuronavigation System (manufactured
by Brainlab AG, Feldkirchen, Germany). After that, under the
operating microscope multiple hippocampal transections were
done at 4–5 mm interval over the head, body and proximal part of
the tail of the hippocampus. To do the transection, ﬁrst a small cut
was made on the ventricular surface of the hippocampus through
the alveus using a number 11 blade knife. The knife was inserted no
more than a millimeter deep. Through this opening a blunt wire
loop 3 mm or 5 mm in diameter was vertically inserted into the
gray matter of the hippocampus to perform transection through
the entire transverse diameter of the hippocapus. At the head and
proximal part of the body of the hippocampus the 5 mm diameter
loop was used. At the distal body and proximal tail a 3 mm
diameter loop was used. The thickness of the hippocampus was
measured on coronal MR images at different points. The depth of
insertion of the loop was tailored to those distances. In addition,
the resistance offered by the alveus on the other side was an
indication to stop further insertion. The loop was also moved side
to side inside the hippocampus within the limits of the alveus, in
order to transect the lateral parts of the hippocampus. The ﬁmbria
was left intact. If the preoperative depth electrode recording
showed epileptogenic activity in the amygdala, it was excisedTable 1
Patient # Age Sex Procedures Follow-up
months
Seizure ou
Engel’s cl
1 44 F L, MST, MHT 60 I
2 49 M L, MST, MHT, Am 56 I 
3 48 M L, MST, MHT, Am, TT 52 I 
4 25 M R, MST, MHT 51 I 
5 40 F L, MST, MHT, TT 47 I 
6 41 M L, MST,MHT, Am TT, 44 I 
7 45 M R, MST, MHT, Am, TT 42 II 
8 43 M L, MST, MHT, Am 41 I 
9 44 M L, MST, MHT, Am, TT 38 I 
10 54 F R, MST,MHT, Am, TT 37 I 
11 34 F L, MST, MHT, TT 34 I 
12 58 M R, MST, MHT, Am, TT 31 I 
13 42 F L, MST, MHT, Am, TT 29 I 
14 51 M L, MST, MHT, TT 25 I 
15 60 M L, MST, MHT, Am, TT 24 I 
R, right; L, left; MST, multiple subpial transection; MHT, multiple hippocampal transecthrough the temporal horn. Further detail about this procedure has
been described in previous publications.15–17
Next, MST was done over the lateral and basal surfaces of the
temporal lobe in and around areas which showed epileptogenic
activity based on preoperative EEG studies. The area usually
extended 5–7 cm posterior to the tip of the temporal lobe and
included the lateral and basal surfaces of the temporal lobe,
including the parahippocampal gyrus and the entorhinal cortex.
Follwing this, intra-operative ECoG was recorded with intra-
cranial electrodes over the hippocampal and neocortical surfaces
for an hour with patient on minimal anesthetic agents. If
recordings showed areas of persistent epileptogenic activity,
transections were repeated over areas that showed such activity.
Then another set of intra-operative ECoG was recorded. If
persistent epileptogenic area was noticed, the area where it was
observed (which was always the temporal tip) was resected. The
hippocampus or the entorhinal cortex were never resected. After
this the ECoG recording was repeated. If this showed epileptogenic
activity, the resection was extended. This process was repeated if
needed until the ECoG was free of epileptogenic activity.
Neuropsychological tests before and 3–6 months after surgery
were obtained in nine patients. The tests included: Wechsler
intelligence score, Wechsler memory scale, repeatable battery for
the assessment of neurological state Form A, wide range
achievement test, trail making test, grooved pegboard task,
controlled word association test, Connor’s continuous peromance
test and Boston naming test. In the other six patients we were
unable to obtain the study after the surgery due to refusal by
insurance companies to pay for them. The results from different
tests were then scored and averaged for verbal and visual memory.
They were scored as follows: 7–above average, 6–average, 5–
below average, 4–borderline, 3–mild impairment, 2–moderate
impairment and 1–severe impairment.
3. Results
All patients had MST and MHT. In addition 10 patients had
amygdalectomy and 11 patients had resection of the temporal tip
measuring 1.5–2.5 cm length. All patients needed a second MST
pass based on intraoperative ECoG ﬁndings. The second pass was
over a much smaller area than the ﬁrst pass.
The results for seizure outcome are as follows (Table 1): 14
patients (94.7%) are Seizure free (Engel’s Class I); one (5.3%) has
rare seizures (Class II). One patient (patient #1) who was Class II attcome
ass
Visual memory score
(preoperative/
postoperative)
Verbal memory score
(preoperative/
postoperative
Neurological
complications
3/4 1.5/3 None
4/5 4/4 None
6/6 1.5/6 None
3/3 ½ None
7/6 7/7 Temporary
dysnomia
7/6 1/5 None
N N None
N N None
N N None
N N None
6/6 6/7 None
N N None
4/5 1/3.4 None
6/6.5 5.8/6 None
N N None
tion, Am, amygdalectomy; TT, resection of temporal tip; and N, data not available.
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was Class I at 1year follow up is now Class II. The remainders have
stayed stable. All patients continue to need anti-seizure medica-
tions; though the need was reduced from 3–4 (pre-operative) to 2–
3 (post-operative). Reduction of medications was based on post-
operative follow-up EEG studies and the clinical condition of the
patient.
Verbal memory improved in 7/9 patients and was stable in the
other 2. Visual memory improved in 4/9, slightly deteriorated in 2/
9 and was stable in the other 3. Further details about memory
outcome are in Table 1. The only neurological complication was
temporary word ﬁnding difﬁculty in one patient.
4. Discussion
There are many objections to resecting the hippocampus. In
addition to the problems with memory and cognition described in
the introduction section of this paper, there are other objections to
resecting the hippocampus. (1) The sub-ventricular zone and sub-
granular zone of the hippocampus are main sources of the neural
progenitor cells18–22 which play role in tissue repair following
trauma or ischemic episodes.23–27 Furthermore, impaired hippo-
campal neurogenesis may play a role in depression and
Alzheimer’s disease.28–30 Resection of the hippocampus would
therefore, deprive the patient of these much needed stem cells. (2)
When a comparison was made of the surgical outcome of two large
series that were a match of patients with temporal lobe epilepsy
who had anterior temporal lobectomy with amygdalectomy or
with amygdalectomy and hippocampectomy, there was no beneﬁt
from adding hippocampectomy to the procedure.31,32 (3) Though
TLE and hippocampal sclerosis are closely associated33,34 and
experimental studies in animals identify CA3 as the site of origin of
epileptic discharges,35 some authors ﬁnd it hard to believe that an
abnormal sclerotic hippocampus could play a role in seizure
genesis.36 They believe that other limbic areas and extra-
hippocampal structures such the entorhinal cortex may be
responsible for seizure generation.37–39 They further believe that
the interictal spike in the hippocampus may actually inhibit
seizure onset. This might explain why seizures generated within
the hippocampus never become generalized.40 Furthermore, even
when selective amygdalahippocampectomy was done for tempo-
ral lobe epilepsy, Siegel et noted that seizure control was
correlated, not only on the amount of hippocampal resection,
but also on the resection scores of mediobasal temporal lobe
structures.41 The hippocampus therefore, may be the main player
in seizure propagation rather than generation.42 MHT may be
therefore the ideal procedure for temporal lobe seizures. Further-
more, since extra-hippocampal structures play an important part
in seizure generation, they either need to be treated with MST or be
resected to gain seizure control. The entorhinal cortex should,
however, not be resected because it has major input pathways into
the hippocampus.
Most of the ﬁbers tracts within the hippocampus that play a role
in hippocampal function are organized perpendicular to the length
of the hippocampus. Such circuits include: perforant pathways
from the entorhinal cortex to the dentate gyrus and CA3 area,
Schaffer collateral pathway from CA3 to CA1 and from CA1 to the
subiculum to the entorhinal cortex.43 On the other hand tracts
responsible for seizure propagation run longitudinally along the
length of the hippocampus. They include: (1) longitudinal axonal
projections of CA3 pyramidal cells; (2) longitudinal ﬁber systems
in the dentate gyrus; and (3) longitudinal axonal ramiﬁcations in
the inner and outer molecular layers. Furthermore, signal
propagation along these longitudinal tracts is in the anterior–
posterior direction with a ﬁxed peak-to-peak interval.44 Further-
more, there is synchronization between different hippocampalregions and between the hippocampus and the ipsilateral anterior
parahippocampal gyrus. Therefore, one or two transections
between the head and body of the hippocampus can abolish
hippocampal spikes that are synchronized along the entire axis of
the hippocampus.43 This is unlike MST, which disrupts only local
synchrony.
Vertical cuts in the hippocampus disrupt longitudinal ﬁbers
within the hippocampus without damaging the vertical ﬁbers.
Therefore, seizure propagation is disrupted without affecting
hippocampal functions. The key to successful outcome is to
transect the entire thickness of the hippocampal gray matter in a
plane perpendicular to the length of the hippocampus and parallel
to the hippocampal digitations. The transections should however
not include the ﬁmbria, which is the main outﬂow pathway for the
hippocampus.
MHT is a relatively safe procedure. Opening into the temporal
horn was done using stereotactic technique to minimize damage to
the brain. The alveus, which is the outer covering of the
hippocampus, is tough tissue. Therefore a sharp knife had to be
used to cut the surface of the hippocampus. A loop was then used
to gain entry into the gray matter. The latter was then used to
perform the transections. Since the loop is blunt, it is unlikely to
exit through the alveus on the other side and damage the
neurovascular structures medial to the hippocampus.
The authors used MST as the primary procedure in order to
minimize resection of brain tissue. Resection of the neocortex was
therefore done only when intraoperative ECoG indicated that the
seizure circuits in that area were refractory to MST. When
resection was needed, the required area was very small.
Furthermore, since MST can be safely performed over a large
area, it covered areas in the posterior part of the temporal lobe,
which one would normally not include in the standard temporal
lobectomy. The fact that all patients needed repeat MST shows that
one MST pass was not able to abolish epileptogenic activity in all
areas. Furthermore, it also shows that it is important to do
intraoperative ECoG during MST surgery. The fact that the area of
resection was very small compared to the area that initially
showed epileptogenic activity, indicates that although MST may
not abolish epileptogenic activity in all areas, it does reduce the
area with epileptogenic activity.
Shimizu et al.16 who pioneered the MHT procedure, have a
report on 21 patients who had this procedure. Out of the 17
patients who had more than 1 year follow-up 82% were seizure
free, 12% had rare seizures and 6% had signiﬁcant reduction in
seizures. Out of the eight patients who had memory testing, seven
had their memory preserved and one had transient worsening of
memory. In the series presented in this paper with 15 patients,
there is a minimum of 2 years (median of 41 months) follow-up, 14
(94.7%) patients are seizure free and 1 patient (5.3%) has rare
seizures. Furthermore, among the nine patients who had memory
testing verbal memory improved in seven patients and stayed
stable in the other 2. These results are at least as good as, if not
better than, those reported with standard temporal lobectomy.1
The reasons for the good outcome may be as follows. Since MST
was performed over a large area, it might have disrupted seizure
foci in areas that are normally not included in the standard anterior
temporal lobectomy. Use of intraoperative ECoG, and repeating the
MST or extending the resection until the EEG is free of
epileptogenic activity, may be another reason.
5. Conclusion
The series presented in this paper is small. Therefore, one
cannot draw a deﬁnitive conclusion about the efﬁcacy of the
approach. However, the follow-up is adequate to draw preliminary
conclusion. The results show that the seizure outcome with the
A.A. Patil, R. Andrews / Seizure 22 (2013) 731–734734approach described in this paper is at least as good as, if not better
than those reported with standard temporal lobectomy. The study
also shows that intraoperative ECoG is important in order to
conclude adequacy of the procedure. This study also indicates that
this procedure is relatively safe. Though a much larger patient
population is needed to draw deﬁnitive conclusion, the results
justify further study of this approach. In addition, this approach
could be used in patients who are not good candidates for standard
temporal lobectomy due to failed Wada test or dominant temporal
lobe epilepsy or absence of hippocampal sclerosis.
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